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^ (57) Abstract: A device is described that can be easily used by surgeons to measure and monitor changes before, during, and after a 
liposuction procedure ans assist in producing symmetrical body contours. The device comprises a remote control and data processing 
unit, a handheld ultrasound transducer, a display monitor and means for marking anatomical points to be measured. 
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FAT LAYER THICKNESS MAPPING SYSTEM TO GUIDE UPOSUCTION 

SURGERY 
BACKGROUND OF THE XNVEKTnON 
Field of the Invention 

The present invention relates to the field of cosmetic surgeiy generaUjr 
and specifically to ]q>osuctiQn and soft-tissue plastic stirgeiy. More particularly, 
tiie invention relates to a device and method for measuring soft tissue thickness 
with a lumdhdlds^aratus utilizing ultrasound. This device can be easily 
employed to monitor changes in adipose tissue during a liposuction surgical 
procedure. 

Description of Related Art 

liposuction, also known as liposcolpture, lipoplasty or suction 
lipectomy, is a technique to remove stubborn fat deposits that won't respond to 
dieting and exercise. Liposuction was introduced to the United Stat^ in the 
early 1980's and has since grown in popularity. In a liposuction procedure, a 
very small incision is made in the skin and a cannula, Le., a thin, smooth, 
hollow, blunt surgical suction rod is inserted. The cannula is connected to a 
vacuum source with a suction tube and the fat is sucked out leaving the skin, 
muscle, nerves and blood vessels intact This procedure allows the surgeon to 
sculpt and improve body contour with minimal pain and scaring. Through a 
liposuction procedure fat cells are permanently removed and since fat ceQs are 
not thought to regenerate, body contour improvement should be permanent 
Tj^icaUy, tiie amount of &t to be removed is determined by the surgeon by 
feeling and pinching the ddn throughout the su^ Evmwitha 
highly dolled surgeoiv variations from the ideal results are While 
compUcations are rare tiiey canindude uneven skin surface, bleeding; infectkm, 
discoloratiorw fluid accumulation beneath the skin, numbness and scarring. 

In an efibrt to avmd uneven skin surface and achieve proportional 
body shaping it wotdd be advantageous to accurate^ measure the adipose tissue 
thickness before, duriog and after a liposuction or other soft-tissue plastic 
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surgical procedure. This wotddaidinmaintaiiiingconsisteiic^ 
which tlie Uposculpture is beiiig preformed. 

It is difEicult to direclly and aocurately measure objects that include 
layers of dxKsrent compositioiis (e.g./ sidn, muscle and bone). With regard to 
meastuing body adipose tissue layers, sIdncaUpers can be iise^^ A 
measurement is taken by an operator pindMoig a subject 
the thickness of tiiie skinfold with titie calipers. Various equations are used to 
predict body density and the percent of body adipose tissue (American College 
of Sports Medicine (AGSM) "Guidelines For Exerdse Testing And Prescription", 
53-63(1995)). However, tiiere are xnanydrawbadcs to this form of adipra^ 
measurement Thesemeasurementsareheavilydepeiident on the operator/ and 
errors and variations frequently occur. Skin fold calipers can only provide an 
estimate of tissue tMdbiess and are not particularly 1^ 
procedures. 

Another means of determining body density and estimating percent 
body adipose tissue is a generalized measurement hydrostatic weighing. 
Hydrostatic weighing require the subject to be completely immersed in water. 
This method of measurement could only be employed before and after a 
liposuction procedure, which wotild be impractical and costiiy when the goal is 
to monitor adipose tissue changes during the surgery. Additionally, the 
surgeon performing liposculpture and most surgical contouring procedures 
requires localized measurements. Mainfceriance of a sterile field is problematic 
wilfa such a method. 

It becomes apparent that a method and apparatus is needed to 
efficiently and accurately measure adipose tissue before, dunng, and after a 
liposuction or soft-tissue plastic surgery procedure. U.S. Patent No. 5,941^25 
dated October 1996 by Lang et aL, recognizaed that ultrasound could be utilized 
to conveniently and cost effectively measure layer thickness in an olqect The 
present invention introduces the use of ultrasound in a hand held device to 
measure fat tissue thickness in a human. WO 99/ 6133^ dated December 1999 by 
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Lang et aL, builds on the previously referenced patient by using anatomical 
landinarl® to measuxe changes in body adipose tissue. The aim of these two 
patents is to measure adipose tissue change over time as aresult of diet and 
exercise. 

There is aneed for an accurate^ convenient cost effective means and 
apparatus to measure adipose tissue thicikness before, during and after a 
liposuction or soft-tissue plastic surgical procedure ttiat would provide a high 
probability of success without producing undesirable side effects yet be 
conveniently kept sterile when necessary. la addition, a simple device to 
accurately loeasure locaIi23ed body tissue layer thickness could be usefial to 
monitor and map the local or regional effects of dietary changes and diet The 
present invention fulfills this need, and further provides related advantages. 

SUMMARY OF THE INVE^3TION 

It is an object of the present invention is to provide a system for 
accurately measuring tissue layer tiiickness before/ during and after a 
liposuction or soft-tissue plastic surgical procedure. 

Another oliject of the present invention is to provide a system to easily 
create body maps of tissue layer thickness to monitor the effects of exercise or 
diet 

These and other objects will be apparent to those skilled in the art 
based on the teachings herein. 

In particular/ the system can be used to produce a map of the fat (or 
adipose) or soft tissue thickness at key anatomical points. These measurements 
can be monitored and compared during a liposuction procedure to guide the 
surgeon. In one embodiment/ the device comprise? a remote control and data 
processing unit^ a handheld ultrasound transducer/ a monitor to display the 
information to the user and means to mark anatomical points of interest. 

In normal use, the vs&r would mark key anatomical points at ttie 
beginidr^ of the procedure. The points could be marked and coded directly on 
the skin with a water resistant marking pen. In ttds mode of operation/ the point 



wo 02/24076 




of measuxement would be iu>ted 1^ the user and input into the control system. 
Alternatively, key anatomical points could be marked by placing a series of 
encoded stickei^ or stamps. The stickers could be numerically labeled/ color- 
coded or electrically coded. If coded, sensors in the handheld transducer could 
automatically detect Hie stid^ code and record the location of the measurement 
automatically. Another technique ficir registering llie niieasuieme^ 
use a tradking mechanism similar to that used in electr^^ 
computermice In Ibis tedmique/lfae user mo\^ the device along a predefined 
or marked trade on the sldn that is recorded by the omtroli^ The control unit 
generates a map and records the location of each point of measurement 

The handheld ultrasound transducer uses a single or a plurality of 
ultrasound generating and detection elements to obtain an effective A-Scan 
COntrasound in Medicine'' Ed. F. A. Duck, AuC Baker, HLC Stairitt (1997)) of 
tte tissue stracture directi^bdow the transducer. The A-scan will show strong 
reflections at the interface between the various layers i.e«, skin, fat; muscle and 
bone. Strong ultrasound reflections occur at the interfaces due to impedance 
mismatch between tiie various materials. The A-scan signal can be analyzed by 
the control unit to determine the thickness of the various tissue layers (skin, fat> 
muscle). During and immediately after the procedure the fat layer may have a 
mixture of loose fat and water. The reflected ultrasound signal in tiiis non- 
homogeneous layer will be difiiereitt than the normal fat layer. Analysis of the 
reflected signal amjplitude in this layer can be used to calculate an effective fat 
layer thickness. In addition, the ultrasotmd transducer can operate at two or 
more frequencies. Since the scattered signal scales strongly with the idtrasom 
wavelength the ratio of scattered . signal at different fiequendes can be used to 
estimate the water-fat mixture. 

In one embodiment the transducer is not connected by a wire or cable 
to the control unit. The transducer and conftrol unit commuxdcate through a 
wireless means (e.g., KF communication). The advanta^ of this is that the 
control unit and display can be far away from tiie sterile surgical field. SF 
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coininmucation eliminates having to cover fhe control unit and cable wifli sterile 
bags. In addition, in this embodiment die ultrasoimd transducer is powered by 
batteries/ which reduce Ifae electrical hazard concem. 

The remote control luiit acquires the dala from flie handheld 
transducer and analyzes the data to produce a table of tissue titiickness 
parameters for aU fhe anatoinical points. This data can be displayed in a 
tabulated list or a color-coded anatomical map that canbe ec^y interpreted by 
thesur^on. AdditLonaUy/ Ihe display can show Ihechan^ in the fat ^ 
thidjOiess during tiie course of Ifae hposuctio^ The user can control 

the display and function of the control unit through a keyboard/ mouse interface 
or touch screen. 

Using this system, the surgeon will be more able to accurately control 
liposuction surgery. This will improve procedure outcome by reducing the 
chances of producing non-symmetric results. 

In additioxv to being used in liposuction surgery, the present invention 
can be used to easity create maps of tissue layer thidoiess. This can be used to 
monitor chai^qs in fat layer thickness as a function of dietary change or 
exercise. 

Other objects and advantages of the present invention will become 
apparent from the following description and accompanying drawings* 
BRIEF DESCRIFnON OF THE DRAWINGS 

The accompanying drawings, which are incorporated into and form 
part of ttiis disclosure/ illustrate embodiments of the invention and together with 
the description, serve to explain the principles of the invention. 

Figure 1 shows how the device wouM be used to measure tissue layer 
thickness in one embodiment of the present inventiaa 

Figure 2 shows a sectional view taken ^ough the handheld 
ultrasound device of Figure 1. 

Figure 3 is a graphic illustradon of the signal recorded by the device 
when applied to. skin. 
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Figure 4 shows a sectioxial view of an alternative device that tises 
multiple ultrasound transducers. 

Figure 5 shows an illustration of the main control unit 

Figure 6 shows a sectional view of a section of the handheld 
iiltrasound transducer. 

PETAIT T^ nRcyT qgpTlON OF THE DSTVENTEON 

The object of the present invention is to provide a system for 
accurately measuring tissue layer thicknesses before, during and affcer a 
liposuction procedture. In particular, the system can be used to produce a m^ of 
the &t (or adipose) tissue thickness at key anatona^^ These 
measurements can be monitored and compaied during a liposuction procedure 
to guide the surgeon. In one embodiment the device comprises a remote control 
and data processing tudl^ a handheld ultrasound transducer, a monitor to 
display the information to the user and means to mark anatcmiical points of 
interest. 

Figure 1 illustrates how the present invention would be used to 
measure the local tissue structure. Tl^ measuring device 10 is placed on the sldn 
15 at a point of interest that has been previously marked. When activated, an 
ultrasound signal is transmitted into the tissue and Ihe return signal collected. 
The collected signal is lhan communicated either through a direct wire 
connection or some wireless means, such as, RF, acoustics or microwave to the 
remote control unit 20. The control tinit 20 displays the recorded waveforms and 
calculated thickness of relevant layers. In addition, the control tinit 20 stores the 
waveforms and information about the location of the measurement so that tiie 
user can easily monitor changes during the liposuction procedure. In normal 
use the measuring device would be applied at multiple key anatomical points, 
e.g., at points IX before starting ihe hposuction procedure. The surgeon would 
than iise Ihe measurements to guide the procedure arid perform fn^ 
measureoaents during the procedure to achieve tiie desired reduction in adipose 
tissue thickness. 



wo 02/24076 




•CT/USOl/29357 



-7- 



Figure 2 shows a detailed cross-sectional view of Hie liazidheld 
tdtrasotmd measuring device 10. The device consists of an acoustic matching 
layer 30 that efficiently couples the ultrasound pulse from the generating 
element 32 to the tissue 15. The acoustic matching layer 30 can he an acoustic 
gel/ hydro gels, or a variety of low densitjr poljrmers commonly used in 
tdtrasound imaging. The ultrasound gpieration and detection element 32 is a 
curved piezoelectric transducer that controls the electrical signal delivered by 
wires 35 to the electrodes 31 and 33. 

For this device, the operating frequency of the transducer will 
typicaUy be in the range of 500 kHz to 10 MHz. The higher frequencies have 
higher spatial resolution but sui^ from high tissue attenuatioxv which limits the 
thickness of tisstie that can be measured. In addition, it is sometimes boiefidal 
to operate tiie ultrasound transducer at two different frequenci^. Since the 
scattered signal scales strongly with the ultrasound wavelengllv the ratio of 
scattered signal at two frequencies can be used to determined tissue properties. 

A curved transducer may be used to provide a weakly focused beam 
that measures properties over a less than 5 mm diameter region. A small 
diameter reduces the blurring of layer boundaries due to non-planar layer 
contours. The transducer is used to both generate the ultrasound pulse and 
measure the time history of the return acoustic signaL The collected time history 
signal is a measurement of the back*scattered signal as a function of depth 
averaged over the ultrasound beam area. The control electronics collect and 
digitize the signal for further display and analysis. For additional information 
on transducer design and operation refer to "The Fhjrsics of Medical Imaging'' 
Ed. Steve Webb (1988) incorporated herein by reference^ and 'Ultrasound in 
Medicine'' Ed, F. A. Dudg AC Baker, H.C Sfcarrift (1997) incorporated herein 
by reference. See also VS. Patent No. 5,699,806, titled "Ultrasound System With 
Nonuniform Sotation Corrector" inc<»porated heiein by reference. 

In the embodunent shown in Figure ^ all the control electronics 40 are 
ill the measuring device 10 powered by a battery 50 and tiie s%nal is transmitted 



wo 02/24076 



fCT/USOl/29357 



r8- 

hy wiieless coiximmdcattoxibj^ anKF circuit 60 to a remote control unit. This has 
tte added advantage of eHminating die need for electijcalwiies that cross into 
the sterile surgical field. One possible wireless conmmiucatLon protocol is blue 
tooth tedbiologycurienjiy being used in a vara Bluetooth refers to 

5 a short-range radio technology aimed at simplifying communications among Net 
devices and between devices and the Intemet It also aims to simplify data 
syiidhronization between Net devices and other computers. Froduicts with 
Bluetooth technology must be qualified and pass interoperability testing by the 
Bluetooth Special Ihtecest Group prior to release. The Bluetooth 1.0 specification 

10 consists of tfvo documetOs: the Foundation Core, which provides design 

specifications, and the Foundation Profile, which provides interoperabilify 
guidelines. Bluetooth's founding members include Ericsson, IBM, Intel, Nokia 
and Toshiba. Alternatively, as in most ultrasound imaging systems the control 
electronics are separate firom the transducer device and connected by a multi- 

15 wire cable. 

Ihe measuring device 10 can include a ball joint segment 70 with a 
flexible cover 80 to ensure that the transducer plane is parallel to the tissue 
surface. This is important to ensure that aU measurements are made 
approximately along the same imaging axis to improve reproducibility. In 

20 additioiv a soft edge 25 minimize tissue deformation. 

The device 10 is activated and controlled by using buttons 90. In 
addition to the main control xuiit screezv an optional display 95 on the device 
shows the device status and key parameters. A measurement can be initiated 
when the user touches button 90. Alternatively, the device can be put into an 

2 S automatic state in which a measurement is made when the contact switch 82 is 
dosed. Switch SZdiosure will occur when tile device 10 is pressed up ag 
tissue and a nrinimal pressure applied. It is importaM to minimize the required 
pressure in order to reduce tissue defbgrmation that would perturb the 
measurement. 
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In order to enter the sterile field, the measurement device 10 can be 
placed in a sterile plastic bag. Altematively, the device 10 could be inserted into 
a disposable plastic container wilh an acoustic matching bottom segment 

In order to compare measurement during the liposuction procedure/ 
it is important that Ihe location of each measin^ment is recorded and thatttie 
measuring device is placed within a few nun of tte S^eral 
possible techniques can be used to automate this process. In one embodiment 
the user places encoded sterile stkJcers on aUllie desired po^ Thestickers 
could be circular wxlih a diameter approximate^ equal to die measuring device 
10 diameter. To make a measurement &e user aligns the measuring device on 
the sticker and collects a measurement In one example, the stickers are encoded 
with a simple number that is read and entered into the control unit or the 
handheld transducer by the user. Ahematively, the sticker cotdd be color- 
coded, lalhiscase/ tbe measurement device would indiide a Hg^sou^ 
plurality of fiQtered light detectors to measure tiie sticker color and automatically 
determine tiie sticker code. A variety of other encoding techniques are possible, 
including capadtive, resistive or, magnetic 

In another embodiment the user uses a stamp or marker to place a 
circle or cross on the tissue along with a number for easy reference. In this case, 
the user enters the location number for each measurement directly into the 
controlunit This proems can be autonmted in the case where the measurements 
are made in sequence by having the control unit automatically increment the 
location number. 

In another embodiment, a tracking mechanism similar to that used in 
electronic track balls or computer mice is used to determine the measurement 
locatioiL In this embodimeiit the tiser moves the device along a predefined or 
marked track on the skin and the data along this track is recorded by the control 
unit The control unit g^eirates a map and records the location of each p 
measurement 
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Kgure 3 shows a graphic iQustration of a ^rpical measurement signal 
The discontinuities at 20Qr 210, 220 and 230 correspond to the interfece betiveen 
the various tissue layers. The tissues layers are shown as skin surface 200, fat 
210, musde 220 and bone 230. Strong ultrasound reflections occur at tiie 
interfaces due to impedance mismatch between Ifaevario^ The time 

history is converted to thickness by the software by using average sound speeds 
(c). For example, c 1600 m/s for skin, 1400 m/s for fat, 1600 m/s for musde, 
and 3500 m/s for bone (See ^Ultrasound in Medidne'' Ed. F. A. Duckr A-C 
Baker, H.C Starritt). During and immediately after the liposuction procedure, 
tihe fat layer may have a mixture of loose fiat and water. The reflected ultrasoimd 
signal in this non-homogeneous layer will be different than the normal fat layer. 
Analysis of the reflected signal amplitude in this layer can be used to calculate 
an effective fat layer thickness. In addition, the ultrasound transducer can 
operate at two or more ftequencies. Since the scattered signal scales strongly 
with the ultrasound wavelengtiv the ratio of scattered signal at different 
frequencies can be used to estiucnate the water-fat mixture. The control xinit can 
di^lay the signal and the calculated layer thickness for the layers of interest 
autcnnatically. In addition, witli user inputs the control unit can show 
anatomical m^s color-coded with the selected layer thidkness or change in layer 
tiiidkness after the procedtne. 

Figure 4 shows an alternative embodiment that uses two ultrasound 
transducers. In this embodiment the control electronics 40 activate th^ 
transducers 42, 43 separately through leads 45, 47 to collect two different signals. 
By processing these two signals by simply averaging or using techniques known 
in the art it is possible to obtain a more accurate deterniination 
interfaces. 

Figure 5 shows anillustration of tiie main control unit 20. The control 
unit has a screen 200 aiid control buttons 220. A menu driven interface is used to 
input commands and control the system. A keyboard or touch screen interfeoe 
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can also l)e used for input lliecontroliHUtcouMalsosimply be a personal or 
portable computer wifh an adapter card to communicate with the transducer. 

Hgure 6 shows how an optical detector 300 can be integrated into the 
handheldullrasotmd transducer to detect die color of the stic]j^^ The 
opticsddetector 300 can consist of multiple optical sensors each fiLtered for a 
different color (for example three sensors with red, green or blue filters). The 
optical detector 300 is connected to the control electroiiics 4^ The 
signal in each optical sensor is analyzed by die control unit to determine the 
sticker color, llie nuxnber of possible colors increases wifh the luj^^ 
sensors used. 

The above descriptions and iUustrations are only by way of example 
arid are not to be taken as limifing the invention in aiqr manner. Qneskinedin 
the art can substitute known equivalents for the structures and means described, 
The full scope and definition of the inventtoxir therefore, is set fortiiinthe 
following claims. 
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Wedaim: 

1. A qrstem fen* mapping tissue layer tiiic^^ 

an ultrasound transducer for producing ultrasound energy; 

means for coupling said ultrasound energy to skin; 

means for identifying location of said ultrasound transduicat; 

a control tmit for controlling said ultrasound transducer and 
processing data signals lec^ved from said ultrasound transducer; 

means for transndtting a signal from said ultrasound transducer to 
said control unit; and 

means for di^laying tissue thickness parameters received from said 
control unit 

2. The system of claim 1, wherein said control unit includes control 
software, wherein said S5^5tem further comprises means for inputting commands 
to said control software to control the operation and display of said systems. 

3. Thesystemof claim 1, wherein said means for coupling said 
ultrasound transducer to skin is selected from the group consisting of an acoustic 
coupling gel, a fliiid filled plastic bladder, a hydro gel acid a low density 
polymers. 

4. The system of claim 1, wherein said means for transmitting an 
ultrasound signal is selected firom the group consisting of an electrical cable from 
said transducer to said control unit and wireless means for transmitting said 
ultrasound signaL 

5. Thesystemof<Jaiml, wherein said means for identifying location 
of said ultrasound transducer is selected from Ifae group consisting of means for 
direct user input into said control unit and coded stickers for placement on die 
skin* 

6. The system of daim 5, whereui said systooifurtl^ 
least one sensor operatively coormected to said confrol un^ 

fhe presence of said coded stickers, wherein said control uirit further comprises 
meeins for automatically detecting said code. 
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7. Thesystsnof claim 6/ wherein said at least oiiesen^ 

£roin Ifae group consisting of an optical sensor, a capacitive sensor and a resistive 
sensor. 

8. The system of claim 1, further comprising a handholdable housings 
wherein said ultrasoimd transducer is fixedly and operatively housed within 
said handholdable housing. 

9. The qrstem of daim 8, further comprising a second ultrasoui^ 
transducer fixedly and operatively housed within said handholdable housing. 

10. The S3^stem of daim 8, further comprising a plurality of ultrasound 
transducers fbcedly and operatively housed within said handholdable housing. 

11. Thesystemofdaiml, wherein said meaiis for displajdng tissue 
thicloiess parameters comprises a monitor. 

12. The system of daim 1, further compr i sing a tracking mechanism 
operatively connected to said ultrasound transducer, wherein as user moves said 
ultrasound transducer on the skitv the position of said transducer is recorded by 
said control vacit, wherein said control unit generates a map and records the 
location of each point of measurement. 

13. Thesjrstemof daim 1^ wherein said tracking mecha^ 
selected from the group consisting of an electronic track ball and a computer 
mouse. 

14. The system of claim 1, wherein said laltrasomui transducer is 
configured to operate at two or more fi^equencies and wherein the ratio of 
scattered signal at different firequendes can be used to estimate water-fat 
content 

15. The system of daim 4, wherein said wireless ineans comprises 
means for SF conununication between said ultrasound transducer and said 
control unit 

16. Thesystemof daim 4, wherein said wireless means coinprises 
means for acoustic communication between said ultrasound transducer and said 
control unit 
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17. Thesystemof daim4,wlxereinsaM wire^ 

means for microwave communication between said ultrasotmd transducer and 

said control unit. 

18. The system of claim 1, wherein said ultrasound transducer^ 

S battery powered. 

19. Thesystemofdaiml, wherein said control unit comprises 
software that reads and anal3r29es data from said tdtrasound transducer. 

20. The system of daim 19, wherein said software produces a table of 
tissue thidoiess parameters for display by said means for displaying tissue 

10 thickness parameters. 

21. Thesystemof daim 19, wherein said software produces a color- 
coded anatomical map for display by said means for displajong tissue thickness 
parameters. 

22. The system of daim 19, wherein said software calculates change in 
15 fat layer thickness during the coiurse of a liposuction procedure for display by 

said means for displa3dng tissue thickness parameters. 

23. The system of daim 1, wherein said control unit comprises an 
interface selected from the groiq> consisting of a keyboard, a mouse and a touch 
screen. 

20 24. Thesystemof claim ly wherein said ultrasomidtraiisducer 

comprises a curvature. 

25. Thesystemof daim 1, wherein said ultrasound transducer 
comprises an operating frequency within in the range from about 500 kHz to 10 
MHz. 

25 26. Thesystemof daim 4, wherein said wireless means are configured 

to conform to blue tooth wireliess protocoL 

27. The system of daim 8, further comprising a baU joint segroent 
movably and operatively connected between said ultrasound transducer and 
said handholdable housing. 
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28. The system of daim 8/ wlierein said haii^^ 
includes a flexible cover to allow adjustment of the orientaticm of said 
ultrasound transducer with respect to tissue suribce. 

29. Thesystemof claim 8/ wherein said handholdable housing 
comprises a soft edgq to minimize tissue defbrmatiozL 

30. Ilie system of claim SrWheiein said handholdable h^ 
comprises means for displaying device status and parameters. 

31. The qrstem of daim 27, furdier comprises a ccmtact switch 
between said ball joint segment and said means for responding to control signals 
rec^ved from said control unit wherein said contact switch is actuated by the 
appUcation.of pressure between said housing and tissue, wherein said contact 
switch initiates operation of said system 

32. Thesystemof claim 1, wherein said means for coupling said 
ultrasound transducer to skin comprises an acoustic matching segment within a 
disposable plastic container, wherein said ultrasound transducer may be 
operatLvely connected to said acoustic matching segment 

33. The S3rstem of daiml, further comprisitig a disposable plastic 
container with an acoustic matching segment thereirv wherein said means for 
coupling said ultrasound transducer to skin is operatively connected to said 
acoustic matching segment 

34. The system of claim 5, wherein said coded stickers are encoded 
with an encoding technique selected from the group consisting of color codings 
capadLtive codings resistive coding and magnetic coding. 

35. The qrstem of claim 5, wherein said coded stickers comprises a • 
color code, the system further comprising a Ught source and a plurality of 
filtered light detectors operatively fixed within said housing and electrically 
connected to said control unit 

36. A method for calculating tissue layer thickness comprising: 
(i) contacting an ultrasound transducer to skin tissue; 
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(ii) coupling ultrasound waves from said ultrasound transducer into 
and throi^said sldn tissue; 

(iii) detecting reflected ultrasound waves horn various tissue layers 
aiul inter£aces at and beneafti said skin tissue to produce detected ultrasound 
signal; 

(iv) identifying and recording the location of said ultrasotmd 
transducer on said skin tissue; 

(v) analyzing said detected ultrasound signal to calculate the time 
lapse between transmission of said ultrasound waves and reflection of said 
reflected ultrasoimd waves from various tissue layers and interfaces at and 
beneath said skin tissue; and 

(vi) calculating tissue thickness from said time lapse. 

37. The method of claim 36, further comprising analyzing the 
reflected signal amplitude from each tissue layer of said various tissue layers to 
determine tissue composition. 

38. The method of claim 36, further comprising using multiple 
ultrasoxmd transducers that probe adjacent regions to improve signal to noise. 

39. The method of claim 38, where said multiple ultrasound 
transducers operate at different frequencies. 

40. Themefliodof claim 36, further comprising moving said 
ultrasound transducer to a new location and repeating steps (i) through (vi) to 
produce a m^ of tissue tidckness. 
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Figure 1 




Figure 2 
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Figure 3 
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